
UNCLASSIFIED

AD NUMBER
AD038617

CLASSIFICATION CHANGES

TO: unclassified

FROM: confidential

LIMITATION CHANGES

TO:
Approved for public release, distribution
unlimited

FROM:

Controlling Office: Naval Research Lab.,
Washington, DC.

AUTHORITY
NRL ltr dtd 15 Sep 1999; Nrl code 5227 ltr

THIS PAGE IS UNCLASSIFIED



LOD
FROM GENERAL CLASSIFICATION SCHEDULE

Ifi AN MNDflAMr WITH
o I seleW9Iml flh t nb fle a sm

INFORNATION SECURITY PROGRAM REGULATION

DATED JULY 1912

Di '5618.1R & EXECUTIVE ORDER 11652
(ItXiCITIVE SlIER 10501 AMENDED)

BY

Defense Decumeutatiem Center
DOfense Supply Agency

upurnou, gieativu,

Alexandria, Viiiinia 22314

E1C 1972



CONFIDENTIAL

ARMED SERVICES TECHNICAL INFORMATION AGENCY
ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

DO•.•IGRAFDED AT ! Y7V
INTERVALIS: NOT AUTQi4 TIC LLY
DECLASSIFIED. DOD DIT ).

_OFIDI-A. AuCONFIDEI'r.• F .-"



,rmed Services I echnical Intormation lgeno,
Because oi our limited supply, you are requested to return this copy WHEiI IT HAS SERVED
r ui. PUii-•,E so that it may be made available to other requesters. Your cooperation

i " be appreciated.

AD
IrS0I

iF NOTICE: WH4.N GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR OTHER DATA

AFTUD FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY RELATED

GOVERNMENT PROCUREMENT OPERATION, THE U. S. GOVERNMENT THEREBY INCURSII N)o RESPO)NSIBILITY, NOR ANY OBLIGATION WHATSOEVER; AND THE FACT THAT THE
GOVERNMENT MAY HAVE FORMULATFD, FURNISHED, OR IN ANY WAY SUPPLIED THE
S MID DRAWINGS, SPECIFICATIONS, OR OTHER DATA IS NOT TO BE REGARDED BY
IMPL-.CATION OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OR ANY OTHER
Pi.RSON OR CORPORATION, OR CONVEYING ANY RIGHTS OR PERMISSION TO MANUFACTURE,
USE Ot{ SELL ANY PATENTED INVFNTION TRATM.AV TN AVY WAY • E A'n. WT THEETO

5eproduced by
SDOCUMENT SERVICE CENTER

KNOTT BUILDING, DAYTON, OHIOA____C t 2o,, 2. HIO

P-, r%.1,,f I 'q! 'PI L W I=. • / \.



C(~Ni-flFN'.N t( L RE.- NC Q

No

I A ChASPIT FOR COMPUTING RADAR
,-`.411UM JAMMI14 RAIJE ft"w' SHIPS

!NA,

m.k

f NAVAL RESEARCH LABORATORY

!
I - • •• , . .. .

1



I

A CHART FOR COMPUTINC RADAR

MINIMUM JAMMING RANGE FOR SHIPS

by

W. S. Alderson

June 1947

Problem No. Si1l.1R-S

Approveii by-

L. A. Gebhsrd Commodore H. A. Schade, URN

Superintendent Director
Radio Division 11 Naval Research Laboratory

NAVAL RESEARCH LABOlATORY

W114 d 2C



Dx SfRII tUUTION

1ltSh i ps

Code 915 (15)

C'NO0p413 6 -Attn: Capt. Caleb 1. LoTting (1)

OP-413-B2 
(6)

CinPnc (1)

(1)Ci .oLan tr

ComrOpDevFo r (1)

U.S. NEL (1)

ON R
Code 482 (1)

Boston Branch Office (1)

J RDB

Attn: Library (2)

Attn: Navy SecretSry (1)

"'HIS DOCUMENT CONTAINS INFORMATION AFFECTING THE

ArlATIONAL DEFPENSE OF THE UNITED STATES WITHWI THE MEANING

OF THE ESPIONAGE LAWS, TffTL• 18, U.S.C., SECTIONS 793 and 794.

T11E TI.. S...SIO. OR T HEREVELATION OF ITS CONTENTS IN

AY MA.E r3T1: r' AN UN AUJi ASE QN RiUO1i1iMTLD BY AW.



CONTENTS

Abstract iv

Referecies iv

Introduction I

Basic Theoretical Relations 1

The "Ohartm Methcd 3

Procedure for Use of the Chart 4

Illustrative Ex-1mples 5

Construction of CQurt and Scale 10

'ii



( (j:v }. I D,,. I' ii At,

ABSTRACT

This report describes a method of using a chart to determine
the minimum range from a radar at which ars echo from a shin
can be screened by jamming. Two types of problems can be solved:
(I) the problem of determining the minimum self-screening range
for a ship, i.e., the minimum range to which a ship carrying a
jammer can approach undetected: and (2) the problem of deter-
mining the minimum range of safe aporoach when the jamwner is
at a temporarily fixed location, not on the ship to be protected.
Two problems are worked out to show the proper use of the chart.
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A CHART FOR COMPUTING RADAR MINIMUM JAMMING FOR SHIPS

I NTRODUCT ION

The solution of the problems encountered in the simulation of ship targets by
means of special radar reflectors led at a by-product t- a relatively simple method
for solving certain radar iasmi.ing problems. This report describes a methlod of de-
termining the minimum range, from an enemy radar, at which the echo from a ship will be
undetectable through jamming. Problems of this type can be divided conveniently into
two general classes: (a) the problem of determining the minimum self-screening range
for a ship i.e.. the minimum rangeP to which a ship carrying a janrmer can approach a
given radar without being detected; and (b) the problem of determining the minimum range
of safe approach when the jammer is at a temporarily fixed location, nct on the ship
to be protected or "screened" by the jamming. The jammer may be located, for example,
on another friendly craft.

The method t9 be described is believed c. be shorter, simpler, and more general
than other methods that havn been used to compute minimum jamming range. It is also
believed that this method would be practiral for use in naval operations, and that it
would be easy to teach in the schools.

As pointed out in a previous NIL report (2), the mathematical equations determining
minimum jamming range cannot be solved explicitly, end in that report a set of nomo-
grams is presented to make possible a sol'tion without an exce.ssively laborious cal-
culation. Instead of using nomograms, the method to be described herein makes use of
a chart and a scale, and in addition requires the numerical solution of two or three
simple equations. No algebraic manipulstion is involved; only an arithmetica' com-

putation. The chart, together with a movable scale ýr:'uated in logarithmic units of
range, can be constructed fairly Tin-ply. Samples of thece are included in this report.

BASIC THEORETICAL RELATIONS

The power density of an ?cho received at the radar antenna from a ship target is

represented by:

P Pr 'ir .7
ii Pf P r Gr Uf [h r

It(477, FZ2 ) 2  
(4i RZ2 ) 2 

R

and the power density of the jasn.ning .ignal received at the radar antennL is represented
by tthe equation:

- J 2 j12 sin,
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', = received echo-powet detjn.iy for target in Uie "near zone" (4)

P z = I; ," fi" zone"

Pr =pulse power transmitted by the rudar

Zr power gain of the radar antenna (over an "isotrope')

hr height of radar antenna above water surface

=- near-2one radar cross section of the ship target (4)

fur-zone radar cross section of the ship target

R= range of ship (or jammer) from radar

= received jamming-signal power density

p power transmitted by the jauner

G. = power gain of jamming antenna

hj = height of jamming antenna

,k radar (and jammer) wavelength

When these equations are plotted on a loz;ritdnic giaph sheet, with range as the
independent variable, the two ship-echo equations become straight lines with negative
slopes having numerical values of 4 and 8 for the near and far-zone cases, respectively.
as shown in Figure 1. The jamming equat.ion, beyond a certain critical range. is a
straight line with slope of minus 4. as shown in Figure 2. At cl-oser ranges, the

CROSS-OVER
GEN SLOPE = -2

N RANGE

P, R.
SSLOPE -2

P
SLOPE=-8 SLOPE=-4

LOG RLN LOG P

Figure 1 Figure 2

received-jamming-power denisity goes thirough a series of max;,Aa and minims as would be
expected because of intc-rference betwýz-:n the radiation arriving via the cirect path
and that reflectc'd fr,:ns the sea surffe..

"litc two :t.ip•-cflio nturi'e iiit.rns't at what way be called the "cross--over" range.
Aist. Pft curve :io ' : retj'• 1:!os,.r ti tri this¶, rAhile t ime Pf curl.e ig beyond the croes-

Cve- WtL-,.? lft: Ciuli . . ri. r1q0- t i o•t ut to tuhe cross-over range is !alOi

" -,i .3 on e" , '.tia'A tIt(e rc t- i l ,I "I . 'l tiW ,re :r -over range is called the fat FoIe.



For an id(eal typc, of jinning signal ("pure noise"), the echo igneal will be ,idnied
whnrer tuej rnin-. ,an pn'Ž.cr detieis ty XP )s in cqe to or grciiVer thano tie echo

powct density (, Pr) '.erefose if the curves of Figures 1 and 2 Are plotted on the
stme sheet, 0hc point of intersection of Pjs with either of the other curves will repre-
t--nt the milntifuj self-screening renge for the perticulbr ,elucs choacn,

For "non-ideal" types of jarmmnXng signals, the minimum jamming renge may be de-
termined by using a corrected" figure for P.. This corrected figure may be called
ihe effective jammini poaceC. It i- ?'ainedby dividing the acturl ,aminiag power by the
screening rntio, whose value is determined by laboratory reasurement (3).

For a ccanplete understanding of the procedure to be described later, it is important
to note that certain limiting conditions apply to the value of the minimum self-screening

range:

(a) Whenever the linear portion of the jamming curve lies below the Pn curve
the minimum jamming range is obviously bound to be in the far zone

(b) If the level of the jamming curve is increased indefinitely, starting at
any arbitrarily low level, it will ultiite-i raach a valuz such that the intersection
with the echo-power curve is on the steep portion of the jamming curve, adjacent to the
null region. When this level is reached, further increase will not change the mini-
mum jamming range appreciably. Its value becomes practically a constant independent
of the jamming power. This value is, in fact, dependent only on the antenna heights
and on the frequency.

The minimum range of protected approach for a given type of ship may also be de-
termined graphically when the jamming transmitter is not located on board the ship being
protected. Tn this cate ti,' i.--ing *rensmitter should be at some fixed arbitrary range

from the radar, but not too close, to a null region. First, curves similar to Figures
1 and 2 are drawn, using actual numerical values calculated from the basic equations.
OP the curve corresponding to Figure 2 the ordinate at the range representing the jam-
mer's location is read. Then, on the curve corresponding to Figure 1 a horizontal line
is drown at this ordinate value. The intersection of this line with the solid portion
of either the Fn or the Pf curve gives the desired minimum jamming range.

Ob.viously this curve-plotting procedure for determining the minimum jamming range
requires excessive labor and is tedious. The need for a shorter, less laborious method
of computation such as the one to be described, is evident.

THE CHART IMETHOD

Samples of the chart used in this method of computation ar- included in thiv re-
v•" t rigres, . wi* A. U aice wude, the chart can be used indeiiniteiy for the solution

of specific jamming problems. Or, if sufficient use can be made of the charts t0 justi-
fy t•.c expense, a "master" can be made and copies made from it by some standard repro-
duction process.

This chart £dethod is actually the same as the graphicel method of solution, except
th-t by mal:ing the chort with genteiallicd thuidiaass. the labor of plotting curves in
the solution of specific problems is avoided. 1r.3 procedure for usiiig the chart is one.

.,hnch fir3t locnte- the miniimu.-j torinig-.rnnc p.tot in tenitis of the geutlelwlized ecordiji-

atr:.- find the l CvfuAt. Z this proin t in ýeCtua. i-auugo 1Ž iti of .kftrdt-d.



Thit chart cnn lbp made conveniently bV using semil-log cross-:section omper. The

a'hscisses, laid off on the logari~lufic divisioit: i•preat iriangc, c:od the ordinsatc

(linear divisions) represent relative power levels in decibals. The ordinates laid

off in this way are ot course eq.ivnlent to %ih" locii.frhwie nrdjnatý o .ar_ in -- 1in-

The two solid slantins lines on the chart have slopes of mint t :nd minus 8, as

do itie curves of Figure 1. The 'slope : -4" line on the chart represents the linear

portion of the jamming curve of Figure 2. An can be seen, this line is continued left-

ward beyond the linear portion into the "null" region. The "slope L -8" line which is

represent-tive, in a sense, of the Pf curve (Figure 1) is used only indirectly as a guide

for drawing other "slope = -8" lines in the process of solving specific problems.

A movable scale which is represented on the simple charts, is quite useful in

carrying out the calcuialions. This scale is graduated logarithmically and marked with

numerical range values in this case, in yards. Although noz essential, the scale saves

the operation of multiplying a pair of numbers.

If the scale is provided, the vertical tines on the chart are unnecessary except

for the very heavy one at the left labelled 'R 0 and "range-reference axis".

If desired, however, tne scale can be dispensed with and the rangc determination

made as indicated at the end of the first example under the heading "Illustrative Ex-

amples". To make the computation in this way, the logarithmically spaced vertical lines

on the chart are essential.

PROCEDURE FOR-USE OF THE CHART

To make an actual computation using the chart, it is first necessary to evaluate

at least two of three parameters defined as follows:

(a) db 1I0 (log Pr - log Pj) + Gr - Gj + 10 ioga n

- 20 log hr hj f + 122.18

(b) dbf = 10 (log Pr - iog P ) + Gr - Gj + 10 lggf

-21? log hr - 60 log hj f + 176.76

(c) R 1.355 hr h. f x 10"3

The symbols are defined below inasmuch as they do not have exactly the same definitions

in all cases as in the equations used earlier in this report.

Pr. = pulse power of radar in arbitrary units but must be same units as used for P.

Pj = effective power of jarmer, as previously defined

G I r in ýf redar nntenna, in decibcls (relative to an 'isotrope")

G_ gain of jaim-•dg anter-.ua, in decihis

oil near-zone "- t crin sction of Jiip bsinv ;;creoned in, in square neieers (4)

-- : t ar- c rdadr cro'' ;c'u-tion of a.hlc S;1ip, itt squtflir C ,eters (4)
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h r -jeight{ f rs.Ar -taLeuina ebove " rw ; uur Lnce, in feot

h. height of jamming antenna, in feetI
f frequency zff radar and jcr,.c:r, in mzuacyr!es

'; retere r.e,' in yards fru..n tthe ship

Logarithms are to the base l0:

Minimim Jamming Range for Self-Screening Ship

Step A, Near-zone calculations

(1) Compute dba by stibstituting actual values in the foregoing expression (a).

(2) If dbn is equal to or greater than 84, the minimum jamming range is in the
far zone; consequently, proceed immediately to Step C:

(3) If dbn is equal to or 1es than 69, the minimum jamming range is equal to
0.6 Ro (=8.13 h, h f .!0-4). This expression represents the complete solution, and
it is not necessary to proceed any further than to calculate the expression,

(4) If db n lie- betvoen 69 and 84, the true minimum jamming range must be de-
termined by calculating for a "near-zone solution" and for "far-zone solution" and then
taking the lesser of these two ranges as the actual minimum jamming range.

Step B, Near-zone solution

(1) Draw a line on the chart passing through the db scale at the point repre-
senting the value computed for dbn, and parallel to the "slope !-" Aine. The line
thus drawn represents the echo power received from the ship at ranges in the near-
zone. Note the pnint at which this line intersects the jamming curve. This point
represents the minimum j-mming range for the near-zone solution. It is now required to
evaluate this point numerically.

(2) Compute the value of R.. Find the point on the mpvable scale corresponding
to this value. Place the scale on the chart, with its edge parallel to the range axis,
so that the R. value on the scale coincides with the "range-reference" axis, the heavy
vertical line near the left side of the chart.

(3) Slide the scale up or down, keeping the Ro value coincident with the "range-
reference" axis, until the upper edge of the scele passes through the minimun-jaiming-
range point located in Step B (1). Reed on the scale the range figure corresponding
to this Point. This is the near-zone solution.

Step C, Far-zone calculatirns

(1) Compute dbf by substituting actual values in the foregoing expression (a).
(2) If dbf is less than 20.5, the minimum janxnaing range is equal to 0.6 Ro (=8.13

hr h f .104). This value rnpresents the complete solution and it is not necessary
to proceed further.

(3) If dbf is great-- than 20.5, the chart must be used a. described in the next
step.

Step D, Far-zone solution

(1) ran. ki ii!: IP;J tý Vi; ,•o A 'og hhnU iýil tiiokhr -o UCale at the point rcprcsrujt "'c
tile v'altu crnititerl for rflq , frft t-r.V-l.- .- , . ;, - * I ic. 'ine liiie Ih-, dUrf :t
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representq the echo power received from. the .hip at rnngts ica tile h" r 7rnez Mote the

poin t nt which this I in.- interse-et the j ming cirve. 'his point re.pi zents the far-

zone solution for minimum-jnmming-range. It is now required to evaluate this point

numericel ly.
(2) Coimpute the talue of R if not a!re-ady computed in Step B (2). Finid tie point

on the movable scale corresponding to this value, Place the scale on the chart, with

its edge parallel to the range axis, so that the R value on the scale toiitides will.

the "range-reference" axis, the heavy.verticai line near the left edge of chart.

(3) Slide the scale up or down, keeping the R, value coincident with the "range-

reference" axis, until the upper edge of the scale passes through the mini rau.r-jamming-

range point located in Step D (I). Read on the scale the range figure corresponding

to this point. This is the far-zone solution,

Minimum Jamming Range for Jammer at Fixed Range

In tois case, the ship to be screened is not the one carrying the jammer. The

jamming ship is assumed to be at a fixed range from the radar, R., and the ship being

screfned is acnsideted to be approaching the enemy radar. i

For use of the following method of calculation, two conditions, also desirable for
optimum operation of the jammer, must be met:

(1) R* must be greater than .6 Ro, and

(2) the jamming ship and the ship to be screened must both be on the same bearing

from the radar -- that is, they must both be "in" the radar beam.

A jamming operation may be carried out under conditions which do not meet these

requirements, but its chances of success are small unuless it is executed in accordance

with rather precise calculations based on aceurate data. Relatively small errors in the

data can produce very large errors in the result. On the other hand, if conditions

(1) and (2) above are met, much less precision can be tolerated.

Step A: Compute dbn and dbf, and draw on the chart the corresponding `slope - -4" and
"slope = -8" lines as described in the self-screening procedure.

Step B: Compute R0 . Find the point on the movable scale corresponding to this range;

place the scale on the chart, with its edge parallel to the range axis, so that the R0
value on the scale coincides iiith the "range-reference" axis on the chart. Now find

the point on the movable scale corresponding Zo the range R-, the range of the jammer.

Slide the scale up or down, in order to find the point on the jamming curve which cor-

responds with the range _. Through this point draw a horizontal line long enough to

intersect the two sloping lines previously dra,-n.

Step C: The minimrum jamming range is at that intersection which has the smaller range.

This range is measured in the usual way with the movable scale, setting the R0 value

of the scale over the "rangp-rpfprprrne" jxi,:.

ILtu2-t1!'ATI:E' EXAMU'LEZS

Esninpte 1: A ja.:,icr is i':;It:Jlcr ,ln o d V i: ip - '',1 hosc eCIho is Zn he >-,.c! to -
tkhe cci - 'cr:tlig (>VIC) "fhc ijitijt '1:11cri, irs of the ene-my rrnd|!r fre ký lnow:a
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Pw 10) atts Pj s000 wattt.

0r 38 db 12 db

h , 100 feet h. 30 feet 4 2
f 1500 megacycles 7.67 x 104 meters2

f ý- 5.04 x 1014 meters
2

From this data, dbn is calculated to be 87. Therefore. the minimum jamming range is
in the far zone and procedure of Step C must be used.

Substituting the given data in the expression for dbf, it is found that dbf equals
53.62. Since this is greater than 20.5. the chart must be used in accordance with Step D.

Proceeding with Step D, a "slope = -8" line is drawn on the chart of Figure 3
through the 53.6 mark on the db axis. This line is seen to intersect the janmnr curve
at the point labelled A.

Next. Ro is computed and found to be 6100 y-rds. Placing the range scale on the
chart with the 6100-yard value on the range-reference axis, and sliding it up or down
until the edge of the scale passes through the point labelled A, the minimum jamming
range is found to be 11,000 yards.

The minimum jamming range may be calculated without using the movable scale. To
do this, note that the point A has a range coordinate of 1.8 R0 . Then multiply this

value by R° (=6100) to obtain the.answer, 10,980 yards (ý 11,000 yards).

Exsarple 2: The jammer is at a fixed range. Assume that by use of available data it
has been cocmputed that:

Ro -2000 yards

db = 111

dbf 96

S-4ppose also that RH = 6000 yards. With a jammer operating at this fixed range from
the ra.dari, it la desired to determine how close a particular ship may approach safely.

The first step is to drnw a "slope = -4" line through the l1l-db value on the db
scale and to draw a "slope = -8' line through the 96-db value, as shov.n on Figure 4.
Then the movcble scale is placed on the chart so that the 2000 yard mark (f0 ) of the
scale is over the "range-reference" axis. The scale is Moved up or don until the 6000-
yard mare! (R. ) touches the jamming curve to establish the point marked B on Figure 4.

The horizontel line is drawn through the point B, and it is seen that tais line
iniersects the sloping lines at C' and D. the forme- being a-t the smaller range,. "the
riange of the point C i½ therefore tfleesured with the ;<l, ;;id fcund to be ih,000 yards;.
1015s I, IiU theo il Ct, ticiet;:J1V9 .cc,,:;c C i- Oi the Plope 8" linit..
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The general constm'Lictiou pitt. of the chart end scale may be inferred from the at-

--- % -- ea-- The noprific --onstruction procedure is u.i follows:

on a sheet of four-cycle seni-logarithmic cross-section paper, oviented with the

logarithmically spaced division lines running vertically, label the starting points of

the successive cycles as follows, from left to right: 0.llRo IC 0 , IO0, 10CR0 ; and label

the ene-nnint nf the last cycle 1000R_. Now draw a heavy vertical line through the R_

point, and label it "range-reference axis".

On the vertical line through the iOf0 point, mark off decibel divisions from 0 to

160, starting at the bottom. At the 120-db level, draw a horizontal line. This is the
I range axis."

Now plot the jamming curve. This is a graph of the equation shown below, plotted

with the range axis and the range-reference ai! n% the coordinate axes. Ordinates are

the decibel values and abscissas are range (R) values in terms of the reference rLnge,

R.
0

db = 10 log sin ] + 120

For convenience in plotting, the following is a tabulation of several values of this

funct ion:

Values of R: 0.SR 0  O'AR. M O"R. 0.8o. Ro 2R '4o ZOPo 1OR001 0 0 0, i
"db" values: - .1 1-18.4 120.8 121.21 99.6 83,9 43.

The movab)e range scale can be constructed by pasting a strip of the same four-

cycle log paper onto a straight-edged piece of stiff rraterial, such as metal, and marking

it in terms of appropriate range valuqs, for example, from 1000 to 100,000 yards.
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NO RESPONSIBILITY, NOR, ANY OBLIGATION WHA". $)! VER; AND THE FACT THAT THE

GOVERNMENT MAY HAVE FORMULATED, FURNISK , OR IN ANY WAY SUPPLIED THE

SAID DRAWINGS, SPECIFICATIONS, OR OTHER DAT 4 IS NOT TO BE REGARDED BY

IMPLICATION OR OTHERWISE AS IN ANY MANNER ','CF1NSING THE OTMDER O. p..•.r 2•'
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Date: 15 September, 1999

From: Mary Templeman
Code 5227

To: Dr. Trunk
Code 5300

CC: Chuck Rogers •
Code 1221.1

Subj: Review of NRL Report(s)

Dear Sir:

1. Please review NRL-FR-3036 for a distribution statement.

2. Please review NRL-FR-3086 for possible downgrading and a distribution statement ,

Mary t lbeman
(202)76713425
mary@1ibrary~nrl.nayy.mil


